INTRODUCTION
Osteopontin (OP) is a sialoprotein of -298 amino acids which contains a Gly-Arg-Gly-Asp-Ser (GRGDS) sequence and is a highly hydrophilic and negatively charged structure, consisting mainly of successive aspartic acids in the central region of the molecule [1] [2] [3] [4] [5] . The roles of this uniquely structured protein in cell adhesion and mineral binding have been reported [1, [6] [7] [8] [9] [10] [11] .
Although expression of OP is not ubiquitous, OP is expressed in a variety of cells, and shows diverse features of expression. Constitutive expression of OP is found in bone, kidney, placenta, nerve cells and macrophages, whereas inducible or enhanced expression of OP is observed in T lymphocytes [12] , epidermal and bone cells and macrophages with a variety of agents; these include the tumour promoter phorbol 12-myristate 13-acetate (PMA), 1,25-dihydroxyvitamin D3, basic fibroblast growth factor, leukaemia inhibitory factor, tumour necrosis factor-a, interleukin-1 [1, [13] [14] [15] [16] [17] [18] [19] [20] [21] , lipopolysaccharide and interferon-y. Furthermore, OP is expressed in the neoplastic state [22] . These results suggest that the expression of OP is controlled by complex regulatory systems, which could differ among cells.
We have previously cloned the mouse OP (mOP) cDNA and gene, and deduced the amino acid sequence and structure of the mOP gene [2, 16] . We reported that the structure consists of six exons, although another exon further upstream has been demonstrated more recently [23, 24] . A similar gene organization consisting of seven exons was also suggested for the porcine OP gene [25] . In this paper, we present the complete structure of the human OP (hOP) gene and its 5' upstream sequence, and compare its organization and potential regulatory sequences with those of the mouse and pig. In addition, we have analysed regulatory demonstrated that nucleotides at positions -474 to -270, -124 to -80, and -55 to -39 contained cis-acting enhancing sequences in a human monocyte cell line, SCC-3, although the -124 to -80 region was much more active than other regions. Deletion of the sequences between -474 and -270 localized this cis region to the sequence at positions -439 to -410, whereas the deletion between -124 to -80 localized the regions to -124 to -115, and -94 to -80. Gel-shift analysis using as probes synthesized double-stranded DNA corresponding to the 10 and 15bp region at positions -124 to -115 and -94 to -80 respectively revealed that each probe formed a major band complexed with nuclear proteins prepared from SCC-3 cells.
elements for the constitutive expression of the hOP gene in the human monocyte cell line SCC-3, which expresses strongly the hOP gene.
(Clontech) using mOP cDNA [2] and contained sequence from nucleotides position 177 to 878 [4] . Sequencing was performed by the dideoxy-chain-termination method of Sanger et al. [30] . The DNA sequence was determined by isolation and subcloning of specific restriction fragments into either pUC1 18 or pUCl19 vector. The entire nucleotide sequence of the 5' upstream, exon and intron was determined from both strands.
Si nuclease mapping S1 nuclease mapping was carried out according to the method of Berk and Sharp [31] . A single-stranded DNA corresponding to the XbaI-XbaI (nucleotides -581 to + 260, 841 bp) fragment containing the region from the 5' upstream to intron 1 of the hOP gene was prepared using M13K07 phage as a vector. An oligonucleotide, 5'-CTTGGTCGGCGTTTGGCTGAGAAG-GCTGCA-3', which is complementary to positions + 61 to + 90 of the first exon of the hOP gene, was labelled at its 5' terminus with [y-32P]ATP and T4 polynucleotide kinase. The XbaI-XbaI fragment was annealed with the end-labelled oligonucleotide primer. The annealed DNA was incubated with 400 uM dNTPs and 10 units of the Klenow fragment of Escherichia coli DNA polymerase for 30 min at 37 'C. The mixture was heated to 65 'C for 5 min to inactivate the Klenow fragment, then chilled on ice. After digestion with BamHI and alkali denaturation, the extended primer was separated on alkali gel electrophoresis.
Total cellular RNA (50 ,ug from THP-l cells) was hybridized for 16 h at 30 'C with the extended primer in 40 mM Pipes, pH 6.4, 0.4 M NaCl, 1 mM EDTA and 80 % (v/v) formamide. Following hybridization, the reaction was diluted 10-fold with S1 nuclease buffer (280 mM NaCl, 50 mM sodium acetate, pH 4.5, and 4.5 mM ZnCl2) and 6 ,ug of salmon sperm DNA. S1 nuclease (300 units) was added and the reaction mixture was incubated for 1 h at 37 'C. The reaction mixture was terminated by addition of termination buffer (4 M ammonium acetate, 20 mM EDTA), and the DNA-RNA hybrids were precipitated with ethanol, dissolved in the loading buffer, heated to 90 'C, and resolved on an 6 % (w/v) acrylamide/8 M urea sequencing gel.
Primer extension analysis
The probe for primer extension analysis was a synthetic 30 base single-stranded end-labelled primer used in the S1 nuclease protection. The primer was annealed to the 50 ,ug of total cellular RNA from THP-1 cells by heating the reaction mixture for 1 h at 80 'C in 20 #1 of 80 % formamide, containing 400 mM NaCl, 40 mM Pipes (pH 6.4) and 1 mM EDTA, followed by incubation for 12 [33] . CAT was assayed as described previously [34] . The extract was incubated with [dichloroacetyl-1 ,2-14C]chloramphenicol and 0.2 mg of acetyl-CoA for 1 h at 37 'C, and the products were separated by t.l.c. CAT activities were corrected for variations in transfection efficiencies, by co-transfecting the pCH1 10 containing the ,-galactosidase gene and normalized with respect to those obtained with pSV2CAT.
Oligonucleotides
Complementary oligonucleotides were designed and synthesized on a Biosearch DNA synthesizer (Model 8700). The oligonucleotides (10 ,tg of each strand) were annealed in a solution containing 50 mM Tris, pH 7.5, 10 mM MgCl2, 5 mM dithiothreitol (DTT), 10 mM spermidine and 1 mM EDTA, heated to 90 'C for 2 min, and cooled at 65 'C for 10 min, 37 'C for 10 min, and room temperature for 5 min.
Extract preparation Nuclear extracts from SCC-3 and Raji cells were prepared as described by Dignam et al. [35] . Briefly, -2-4 x 108 cells were harvested, pelleted, and lysed by 10 strokes of a Potter all-glass homogenizer in ice-cold buffer (two packed-cell pellet volumes) containing 10 
TTTTCCCGGCCATCTTAATTTTCGACCCTT CCaTmCC cAATaTATOATCaGLTOATCCTCAACCATOTG Exon 6 T L P S K S N E S H D H M D D M D D E D D D D H V 57
5834 GACAGCCAGGACTCCAT?TGACTCGhAC&CTCTGA WATTTTAaATTA CACT0aTGATTCTCACC AGCTCTAATTCQATGAAaTCfTL
..... Intron 6 (692 bp).... AGCCGTTCATATAATTATTCTTCATTTGTGCCGTGATTC*TACCCTG GaTACAJACJAGCJLTOACCTCACACA To isolate the genomic hOP clone, we screened the human liver genomic DNA library with the hOP cDNA as a probe. From 106 recombinant phages, one positive clone, GOP-2, insert size 13 kb, was isolated and subjected to the restriction enzyme mapping (Figure 1) . The genomic sequence, determined as described in the Experimental section, is shown in Figure 2 . The coding region is split into 7 exons (Figures 1 and 2) like that of the mouse [16, 23, 24] . The combined coding sequence of the gene is almost identical with the published hOP cDNA sequences, except for one nucleotide substitution (T for C) at position 817 [4] . The sizes of each exon and intron were roughly comparable with those for the mOP gene except for intron 3, which was -2.7-fold longer than that of the mOP gene (Figure 3a) . This difference is attributable to an insertion of -1750 bp immediately before exon 4 in the hOP gene.
Identffication of the 5' end of hOP mRNA
The transcription initiation site of the mOP gene contains tandem AGC repeats [23] , although initiation begins with the second AGC tandem repeat. The nucleotide sequence of the hOP gene also contains three AGC repeats in exon 1. Digestion with SI nuclease resulted in major bands of 88, 90, 91, 93 and 97 nt protected fragments (Figure 4a ). The strongest band, corresponding to the first nucleotide (A) of the triple repeats of the AGC at 90 nt, was subsequently designated mRNA residue + 1 ( Figure 2 ). To confirm that these S1-protected products indeed represented the 5' end of the hOP mRNA, primer extension analysis was next performed. The primer extension product from this analysis revealed a major hOP fragment of 90 nt and several minor bands. This main band, indicated by an arrowhead in Figure 4 (b), corresponded to the transcription initiation site determined by S1 nuclease protection. 
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) and compared with each other and that of the porcine OP (pOP) gene [25] . As shown in dot-matrix comparison (Figure  3b ), the 5' upstream sequence of the hOP gene shows high similarity with that of the pOP gene. The 5' upstream sequence of the hOP gene contained a number of potential regulatory sequences ( Figure 5 ) [37] . Many TATAand CCAAT-like sequences were scattered over the 5' upstream region. The vitamin-D-responsive sequence (VDR)-like motif [37] , which was very similar to those in the mOP and pOP genes [23, 25] , was located at positions -1892 to -1878 and -698 to -684. GATA-1 was found at several positions, in which the sequence corresponding to that at position -851 to -847 was found in mouse and pig. The API sequence, TGACACA [38] , which was conserved in the mOP and pOP genes, was found at position -78 to -72. Other ubiquitous or tissue-specific motifs [37] , including IRF-1, TCF-1, NF-IL6, CTCF, CF1, E2A, E2BP Myb, SPI, PPAR, AP2, SIF, E4TF1 [39] , Oct-I and Ets-1, were widely distributed. PEA3, a primary target of signal transduction for a variety of factors such as PMA, epidermal growth factor, CAT analysis of transcriptional regulatory regions upstream of the hOP gene We examined expression of the hOP gene in SCC-3, THP-1 and Raji cells using the hOP cDNA as probe. SCC-3 and THP-1 expressed the hOP gene, whereas Raji did not ( Figure 6 ). Next, we linked a series of upstream hOP gene fragments to the coding region of the CAT reporter gene to delineate the regions essential for transcription of the hOP gene ( Figure 7 ). (Figure 7) . The sequence at position 107 to -105 could contain part of the negative cis region, because 107CAT abolished CAT activity.
We next tested CAT activities of 124CAT, 104CAT and 94CAT in HINS-B3 cells and found that these CAT clones (Figure 8b ). The bands formed with probes B and C were identical and also competed out with corresponding unlabelled oligonucleotides (results not shown), but not unrelated ones (Figure 8b ). The bands formed with probes D and E had identical electrophoretic mobility, although the band formed with probe D was weaker than that formed with probe E (Figure 8b ). Probe F formed a very weak band. The major band formed with probe E was not competed with unlabelled F and A (results not shown). The BamHI-site GATC introduced at the 5' end of each probe had no effect on gel-shift analysis because no bands common to all probes were formed. These results suggested that the nucleotide position (G)AAAAC was involved in the formation of the major band. Each of the probes A-F formed a weak band with nuclear extracts from Raji cells which showed little or no CAT activity. The electrophoretic mobilities of all these bands, however, were different from those with nuclear extracts from SCC-3 cells (results not shown). showed significant CAT activities, although the levels of the activities were low (results not shown).
Gel-shift analysis of protein(s) that specifically binds to the cis regulatory region
Gel-shift assays were performed using a series of synthetic oligonucleotides GATCGGGGAAGTGT, GATCGGGAGCA-GGT, GATCGGGCTGGGCA, GATCGTGGCAGAAAAC-CTC, GATCGAAAACCTCATGA, and GATCCTCATGACEffect of PMA on hOP promoter driven CAT expression Finally, we compared CAT activities, using the 1206CAT, 582CAT, 439CAT, 270CAT, 124CAT, 79CAT and 55CAT clones in the presence of PMA (100 ng/ml). PMA, however, showed no effects in these CAT transfectants 3 and 16 h after stimulation. Some of the data are shown in Figure 9 . [23, 40] , of which the region at position -543 to + 79 shows the strongest activity when tested in a murine epidermal cell line JB6. Activities directed by these regions are enhanced by PMA [23] . Since the mOP gene is not normally expressed in JB6, the authors suggest that transcription from the mOP promoter is normally repressed or controlled at the post-transcriptional level. CAT analysis for the promoter region of the pOP gene revealed that a region at position -180 to + 51 has markedly high promoter activity in calvarial bone cells [25] . CAT analysis of the 5' upstream region of hOP revealed that regions at positions -124 to -1 15 and -94 to -80 accommodate strong cis regulatory sequences in SCC-3 cells, whereas the region at position -439 to -409 has a low level of cis activity. Nucleotide sequences of the major regions were highly conserved and showed cis activities in HINS-B3 cells, suggesting that the major cisacting sequences are also important in other species.
DISCUSSION
Probe A formed one band, which may be the band related to E4TFI. Probe B formed one band which could be that formed with a negative regulatory factor. Probe C formed a band which was possibly the band associated with SPI, although the electrophoretic mobility of the band appeared identical with the band formed with probe B. However, the role of SPI is uncertain because 104CAT did not confer additional CAT activity to 94CAT, and 107CAT abolished CAT activities. Thus, the region immediately downstream at position -107 to -105 is also likely to operate as a negative cis sequence. The bands formed with probe D were competed out with competitor E, and vice versa.
These bands were not competed out with competitor F. Therefore, these results suggest that (G)AAAAC is important as a cis sequence. Since the signal intensities of the bands formed with F were less marked, involvement of Oct-l may be minor or even non-existent. Taken together, these data suggest that (G)AAAAC could play a major role in the promoter activity in the hOP gene in SCC-3 cells. The region at position -124 to -115 containing the E4TF1 site may act to suppress the negative regulatory region between -107 and -105.
The experiments described herein have demonstrated that the conserved APl site at position -78 to -72 is not responsible for enhancement of CAT activity in SCC-3, although it is bound by a nuclear protein. 124CAT and 55CAT also showed no PMA inducibilities. CAT clones containing further upstream elements had no CAT activity (results not shown). VDR-like motifs are found at positions -698 to -684 and -1892 to -1878, and have been reported to be functional in mOP and pOP respectively [25, 40] . Whether these sequences are functional in the hOP gene remains to be clarified.
